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S O X  STUDIES ON STACK ENISSIOSS 
F RO?I L I G S  I TE -F IRED PO':!? R? LAST S 

G .  H. G r o n h o v d , " " ,  P .  H. T ~ f t e , ~ '  and S .  J .  S e L l e " *  

I n t r o d u c t i o n  

S tack .  ezission l imi t s  f o r  n a g  s t a t i o n a r y  sources of g r e a t e r  th=ln 2 5 0 -  
---- -- 

pE.:scL!/hr i n p u t  \.:%re promulga ted  oil a n a t i o n a l  b a s i s  b y  tile E n v i r o i m i e n ~ a l  Pra- 
t e c t i o n  r2gei?cy ( E P A )  i n  1571.  '' T h e s e  s t a n d a r d s  i n c l u d e  l i m i t s  f o r  SO,,  Sd.. , 
2~13 p a r t i c u l a t ~  n a t t e r  2 n d  a r e  z p p l i c a b l e  to a l l  p l a n t s  c o n s t r u c t e d  or  s i .g  
n i . l i c a r . t l y  - m o d i f i e d  a f t e r  August 1 7 ,  1.971. I n  a d d i t i o n ,  t h e r e  a r e  S ta t ; . . ,  L a  . . I  
,;;a:!;etices l o c a l  , r e g u l e t i o n s  p . ? r t a i n i n g ,  t o  e n i s j i d i l s  f r w i  iisc..~ and e:; i .st ing 
p .. :.,72 x- p 'L a p, : c: , 
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P r i n c i p a l  e s p t i a s i s  was ti?- rtieasurement o f  SO, enii.ssio!is and t h e i r  r e l a -  
t i .=as: l ip  t o  s u i f u i :  l ev : . l  i n  t h s  c o a l  b u r n e d .  For  such  a s t u d y  a co!;i;,lete a s h  
and s u l f u r  b a l a n c e  on t h e  b o i l e r s  t e s t e d  ~ 3 u l d  have been d e s i r a b l e .  However,  
ti?:. d i f f i c u l t y  and e:<cp;.nse invslv?d i n  c a l l e c t i n g ,  w e i g h t i n g ,  and sampl ing  

e q * ~ a n t i t i e s  of a s h  (15 t o  2 Q  tori.; p-2; hpur f o r  a 200-13 u t i i t )  makes a 
!zte  s u l f u r  b n l a n c e  q; .! i tc i n p r s c t i c a l  w i t h i n  t h e  fram5work o f  a linitrd 
:'a!:. P::ta oil SO, a r e  b?<:-::d o n l j ,  @:-I s a ~ ~ p l i n ;  o f  t h s  coal f e e d  a n d  3i1.3,lysts 

oi 30, in t he  f l u e  g a s .  

C a 1 c u 1 a t i o n Xe t ii od 

C S . E .  = 2 . 6 7  x LO-;' XI_--- 
(CO, + CC) \ s 

p p q  = p a r t s  p e r  n i i l l i o n  o f  SO, i n  t h e  f l u e  ~ J C ,  v o l u  '2 p e r  vol t i  7 

on a d r y  b a s i s ;  

CO, + CO = v o l - p c t  i n  f l u ?  g a s  from O r s a t  a n a l y s i s ;  

C = w t - p c t  carbon from t h ?  u l t i n a t c  an r r ly s i s  0 : -  f u e l ;  

S = i \ * t - p c t  s ~ l f u r  from u I t i i n a t 2  a n a l y s i s  o f  f c : c l ;  

HHi' 1 h i g h e r  h e a t i n g  v a l u e  of t h e  c o a l ,  E t u / l b ;  

ar;d S . E .  = p c t  o f  i n p u t  sulfur i n  t h e  c o a l  e i n i t t e d  a:; SCi, 

r!.;t? from u l t i m a t e  a n a l y s i s  and heat i -ng  v a l u e  s 5 o u l d  b c  c~1 t h e  s a ~ i '  b a s i s - -  
a, r e c e i v e d  o r  m o i s t u r e  f rc2 .  
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removal  r e q u i r e d  t o  . t z e t  t h e  1. 2 Ib/>XBtu n a t i o n a l  emis s i< ,n  l i z i t  i s  g i v e n  bj- 
t h e  l i n e s  of p e r c e n ?  removal. F o r  exaa9l.c ( i l l u s t r a t e d  b j -  the. d . : s h ~ d  1ine.s  op. 
t h e  c h a r t ) ,  a l i g n i t e  h a v i n g  1 - p c t - s u l f u r  c o n t e n t  o:? a d r y  b a s i s  ~ ~ i u l d  ha1:z an  
e q u i v a l e n t  SO, i n  th-?  f l u e  g a s  of 1 .85 lb/XG3tu o r  837  ppri ,  
t i o n  i n  SO, would be r e q u i r e d  t o  meet t h e  n a t i o n a l  e m i s s i o n  l imi t .  

A 3 7 - p c t  r e d u c -  

The KO, e m i s s i o n  r a t e  r e p o r t e d  a s  : i ~ ~  ~211.  b e  c a l c u l a t e d  by a s i ~ ~ i i l a r  
msthod as  f o r  SO,, us i ; ig  t h e  eqC:sti.cn 

where p p n  = p a r t s  p ~ r  m i l l i o n  of SOA i n  the f l u e  g a s ,  vo lu rw p e r  volurn.? on  a 
d r j  b a s i s .  

In sa inpl ing  the  l i g L ? i t e  f e e d  t o  t h e  b o i l e r s ,  t h e  o b j e c t  i . xv*?  I J ~ S  t o  c o l l t ~ c t  
a r e p r e s e n t a t i v e  i ;mpIe r h a t  w o u l d  g i v e  iin a c c u r z t e  vi:?ue o f  i h e  sL1lfur  i n p i i '  
d u r i n g  t h e  SO, ss .  l i r -  'j p e r i o d .  Th? c0.1 hzndl i : - !g  e q u i p m n t .  a:!d t h e  f a c i l i -  
t i e s  f o r  s ampl ing  v a r i e d  from p l a n t  t o  p l a n t .  Ti12 u s i i a l  sanp1j .ng  proct?c!ure 
was t o  c o l l e c t  g r a b  samples  f rom e a c h  c o a l  fesder  a t  1/2-hour i n t e r v a l s  a n d  
combine t h z s e  samples  fo: d e  t e r i n i n a t  i o n  of  zl:e~-.-age s1;lEur c o n t e n t .  

I 



T-<BLE 6. - V a r i a t i o n  i n  suifpji-contcxt o f  l i g n i t e  
a t  t?ie L.elsr?d O l d s  p l a n t  -- .. -- 

------- 
0 . . . . . . . . . . . .  

15 . . . . . . . . . . .  

3 0. . . . . . . . . . .  

4 5 . . . . . . . . . . .  

S u l f u r  t r i o x i d e  :-ad SO, d e t e r m l n a t i o n s  v e r e  n?c.de by s i n g l e  p o i n t  san ip l ing  
rhe f l u e  g a s  d u c t s  i n  e a c h  of  t h e  b o i l e r s  t e s t e d .  U s u a l l y  the s m p l e s  were 

c o l l e c t e d  i n  t h e  d u c t  be tween t h e  b o i l . e r  e x i t  c:id t h e  a i r  h e a t e r ,  h u t  socie 
sr;np:es were  c o l l e c t e d  a f t e r  the a i r  h e a t e r .  
l e c t e d  f r o m  tiie s t a c k .  

In one F a s e ,  s ; : ! i p l e s  were c o l -  

The  a p p a r a t u s  u s ~ d  f o r  50.: and SO, d e t e r n i n a t i o n  was s i m i l a r  t o  t h a t  
d e s c r i b e d  by L i s l e  a n d  SensenbF+i?gh.2.' 
d e n s c r  m a i n t a i n e d  a t  140" t o  194" F w?lere tl;e SO, i s  s e l e c t i v e l y  condensed  and 
c + l l e c t e d .  The f l u e  gas t h e n  p a s s e s  tl-lrou;h a b u b b l e r  c o n t a i n i n g  a 3 - p c t  H202 
s t : l u t i o n .  .;lie r e s u l t i n g  s u l f u r i c  a c i d  i s  t i t r a t e d  t o  a me thy l  p u r p l e  e n d p o i n t  
u:; ing a s t ~ n n d a r d  KaOH s o l u t i o n .  

The  f l a e  g a s  i s  drawn t h r o u g h  a con-  

Orsa t  a n a l y s e s  were a s u a l l y  t2lic-n b e f o r e  a n d  a f t e r  ex11 30-min t es t  for  
S O 2 .  A l l  of  t h e  S O a ,  SO,, aiid ?!Ox V Z ~ L J C S  hsve been l io rmal ized  t o  a jO-pCt 
e x c e s s  a i r  b a s i s  f o r  e a s e  o f  compar i son .  

__-  .-̂--.--___I. --- .--I_ -.-I._-___I_...__..._. - _  
"Lis le ,  E .  S . ,  ar,d 3 .  D .  Scn!;t:nbii?gh. The  Deter r ; i i i a t ioc  o f  S ~ l l f u r  T r i o s i d e  

and Acid G;::J P o i n t  i i F l u e  G ~ s .  Combust ion,  v .  36,  K O .  7 ,  .Tanu;iry 1965,  
p p .  12-15 .  



SO, S - ~ r i p l  in;= P r x 2 d n r e  

The KOx s a m p l i n g  w35 u s u a l l y  d o n e  a t  o r  n c n r  th.2 SO2 sanpli;:: 1oca:iion. 
Yl:e p r o c e d u r e  m e d  wzs  t h e  P h e n o l d i s u l f o n i c  a c  i.d r w . t f 8 0 d ,  s p - ; . c i f i i . d  as  
'%!ethod 7 "  b y  t h e  EPA i n  t h e  F e d e r a l  R 2 g i s t e i . " .  B e c a u s e  t h e  t e i '  i s  narc  
d i f f i c u l t  t o  p e r f o r n  t h a n  t h e  SO2 t e s t ,  fex?r d < - t e r n i n a t i o n s  wcrc n a d e .  

- -  

P a r t i c u l a t e  Sampl i r . 2  and Stud;. 

D c r i n g  m o s t  o f  the  t e s t s ,  s a m p l e s  o f  fly a s h  w . - .~e  c c ? l l e c t e d  for d t t t e r i n i n d -  
t i o n  o f  c h e m i c a l  anzlysis, p ~ r t i c l e  s i z e  d i ; : r i b u t i o A ,  and ,  i n  l a t e r  tests, 
for e l e c t r i c  I :  resistivity. i h e  f l y  as!] saxples we:? o b t a i n e d  fro:-i m ~ c n ~ ; ~ ~ : a l  
d 1 . 1 ~  t c o l l e c t o r  h c p p e r s ,  p i  l o t  o r  co;:me:-c i a l  e l f c  tro.; tn:ic p r e c  i? i t a  t o r  t i~ ;~ , , . ; l r s ,  
01- from a s p i r a t e d  f l u e  g a s  s a ~ i p l e s .  P a r t i c l e  s i z e  a n a l y s i s  w a s  do;:? by  tiic 

~ a h . c o  method  and l a h o r a t o r y  e l e c t r i c a l  r e s i s : i ; - i t y  n e a S u r e m c n t s  were b y  a 
metbod s i m i l a r  t o  t h a t  g i v e r ,  i n  AS% PTC-2S..'1 I n  t h e  l a t e r  t e s t s ,  t w 2  

p r 0 c 2 d u i - e ~  h:?ve b2en  p u S l i . s h z d . "  '' 

.. . 

I t '  I.!' s i t t .~"  m?-thod.; were u s e d  f o r  r e s i s t i v i t y  s t u d i e s .  D e t a i l s  o f  t h e s e  t e s t  

-.--_______ Kcsul t s  and D!'.acussior! 

S u m l a r y  o f  so. Ritsu!ts 

A t o t a l  0 5  5 1  d ? t e r m i n a t i o n s  o f  SO, c o n : e n ~  were made a t  th;. lV,aria~.is 
l i g n i t e - b u r n i n g  p l a n t s .  I n  m ~ s t  o f  t h e s e  t e j t s ,  a t r a c e  .of SC!; w~;:; d e t i . c t e d  
b u t  i n  no  c a s e  d i d  i t  e x c e e d  1 ppm, e v 2 n  v i t i  SO, l e v e l s  a s  h i g 5  a s  1,3-)5 p p a .  
S u c h  low SO, c o i : ~ e n t ! - a t i o n s  d i f f e r  c o n s i d e r a b l y  from t h o s e  p u 5 1 i  ;h?d foi- c a s t -  
exti  b i t u m i n o u s  coa ls  vhere i t  i s  ~-iar!xal f o r  t h e  SO, c a n t e n t  t o  by: 1 t r i  2 p c r  
o f  t h c  SO, c o n t e n t .  The l a c k  of f r e e  SO, i n  t h e  f l u e  gas  f r o n  l i g i i i t c - f i r e ( !  
b o i l e r s  i s  b e l i r v e d  t o  be c a u s e d  b y  t h e  p r e s e n c e  of  r e a c t i v e  al.!..31i. i.;i th:? 
f l y  ash.  Any SO, p r o d u c c d  r a p i d l y  r e a c t s  w i t h  t h e  a l k . ? l i  t o  p7 .>Ciiice s u l f a t e s .  

S u r m a r y  o f  SO, R e s u l t s  

Data on t h e  c o a l  a n a l y s i s ,  a s h  a n > . l y s i s ,  and SO, i n  t h e  f l u e  ~ i . 2 ~  € o r  t h e  
46 t es t  d a y s  a r e  giv+;i  i n  t a b l e  7 .  I n c l t i d e d  a r e  d a t a  c o l l e c t e d  dLir ing 39 t e s t  
d a y s  w i t h  p c  f i r i n g ,  5 d a y s  w i t h  c y c l o n r  f i r i n g ,  and  2 d a y s  w i t h  s p r e ~ 6 e r -  
s t o k e r  f i r i n g .  ' l?igi;::e 56 shows  a f r i .que; icy d i s t r i b u t i o n  oE  pour::!^ o f  
Sr?,/PfMDtu i n p u t '  f o r  t h e  t e s t  d a y s ,  w h i c h  i n c l u d e  a l l  v n r i a t i  oils i n  CCI-11 a n a l -  
y s i s ,  ash a n a l y s i s ,  and f i r i n g  n i e t h o d .  F o r  1 7  o f  t h e  t es t  da;..:, t h e  SO, ernis- 
s ions  l e v e l s  were birtwecn 1 . 0  and  1 . 5  lb/>C.!Stu and f o r  anothchl- 16 t i i c y  were 
b e t w e e n  1 . 5  a n d  2 . 0  l b / ' ' ~ ? [ b t u  For 1.3 t e s t  d a y s ,  t h e  SO, e m i s s i o n s  wcre bcl.ow 
t h e  1 . 2  l b / > N l l t u  na t io r i ' ; l  l i T i t .  i 'here  were o n l y  7 t e s t  d a y s  i n  v!~j.cli  t h e  So2 
was a b o v e  7 lb/:.D!Btu, a t  w h i c h  lev..!l a 4 0 - p i t  r c d u c t i o n  wou ld  b e  requir tAd t o  
meet t h e  1 . 2  lh/4PfSru l.etre1. 
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